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Received 20 July 2006; revised 17 August 2006; accepted 18 August 2006Abstract—Polycyclic borazines with three adjacent 1,3,2-oxazaborolidine rings were eﬃciently synthesized by the reaction of 1,2-
aminoalcohols or 1,2-aminophenol with borane at room temperature and subsequent cyclization of the intermediate above
120 C. The X-ray structure of borazine derived from norephedrine indicates an almost planar central aromatic borazine structure
condensed with the oxazaborolidine rings and the phenyl and methyl groups at one side of the plane.
 2006 Elsevier Ltd. Open access under CC BY-NC-ND license.Chiral organoborane reagents, in particular 1,3,2-
oxazaborolidines, have been extensively studied and ap-
plied as eﬃcient Lewis acid catalysts to a wide range of
asymmetric transformations.1,2 B–H oxazaborolidines
are commonly used as convenient catalysts for the enan-
tioselective borane reduction of prochiral ketones, imi-
nes, and oximes.1a,c–f,3 The most used method
described in the literature for the preparation of B–H
oxazaborolidines is by the in situ reaction of chiral
aminoalcohols with an excess of borane without isola-
tion and characterization of the catalyst. An alternative
method includes the reaction of the aminoalcohol with
1 equiv of borane at 0 C, followed by heating at
120 C to give the catalyst.2a,4 However, there are sev-
eral reports that unusual side products result, which
can inﬂuence the enantioselectivity of the reduction.50040-4039  2006 Elsevier Ltd.
doi:10.1016/j.tetlet.2006.08.071
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Scheme 1. Synthesis of borazine 4 via complex 2.
Open access under CC BY-NC-ND license.Consequently, detailed studies on the processes involved
in the preparation of these often used catalysts are
needed in order to prepare more selective catalysts.
Herein, we present our studies on the reaction of pri-
mary chiral 1,2-aminoalcohols with borane.
In an earlier work, we have attempted to prepare and
characterize the B–H oxazaborolidine derived from
(1R, 2S)-()-norephedrine following reported meth-
ods.4b However, the 1H NMR of the resulting product
was inconsistent with the anticipated structure. There-
fore, we decided to explore in detail the diﬀerent steps
of the reaction. When norephedrine reacts with 1 equiv
of borane at 0 C, the N-borane complex 2 (Scheme 1)
is initially formed, as shown by the 1H and 13C NMR
data of the crude reaction mixture.5e,f The 11B NMRil addresses: mr_ortiz@webmail.uprh.edu; BarnesCh@missouri.edu
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Table 1. Comparative theoretical and experimental molecular para-
meters of borazine 4
Parameter PM3/CI DFT/B3LYP
(6-32G+d)
Crystall.
(error values)
B1–N1a 1.482 1.440 1.429(3)
B1–N2a 1.450 1.424 1.420(3)
B1–O1a 1.379 1.379 1.372(3)
B3–N1–B1–O1b 160.06 175.48 175.78(17)
N1–B1–N2–B2b 19.6 3.8 2.8(3)
O1–C2–C4–C9b 39.8 35.2 29.2(3)
a Bond distances are in A˚.
b Torsional angles are in degrees.
Figure 1. X-ray structure of borazine 4.
7604 V. Stepanenko et al. / Tetrahedron Letters 47 (2006) 7603–7606spectrum shows a signal at 20.6 ppm which, by proton
coupling technique appears as an unresolved quartet
with JBAH = 79 Hz, assigned to the aminoborane com-
plex 2. After evaporation of the volatiles under vacuum,
compound 2 starts to decompose with the evolution of
hydrogen at 120 C. After heating at 135 C for 1 h,
compound 4 was obtained as a colorless glassy material.
Although this material was contaminated with some
impurities (ca. 15–20%), however, all 1H and 13C
NMR signals for the main product are similar to those
previously assigned to oxazaborolidine 3.4b
To obtain a better sample, another method was ex-
plored. Norephedrine was reacted with an excess of bor-
ane at ambient temperature and after the removal of
volatiles under vacuum followed by heating at 135 C
for 1 h, borazine 4 was aﬀorded (Scheme 2). In compar-
ison with other similar 1,3,2-oxazaborolidines, the 1H
NMR spectrum of the crude product did not have the
expected signals of B–H and N–H fragments. The 11B
NMR spectrum displays a singlet at 28 ppm attributed
to a tri-coordinated boron atom. IR analysis indicates
only weak signals characteristic for N–H and B–H
bonds. Moreover, the volumetric analysis of hydrogen
by hydrolysis of the product indicates the presence of
only ca. 5% of active hydride. These data suggest that,
under the reaction conditions, the reactive B–H oxaz-
aborolidine 3 undergoes further transformation to the
trimeric structure 4 (Scheme 1).
The structure of product 4 was conﬁrmed by HR MS
analysis with the signal at 476 (Exp. Mass 476.2491,
Calcd. Mass 456.2488) for the molecular ion, less one
proton ((MH)+, 100%, C27H29B3N3O3). The sample
was recrystallized from dry DMSO and the structure
of product 4 was conclusively established by X-ray crys-
tallographic diﬀraction analysis (Fig. 1).6 In addition,
the optimized geometry of the obtained borazine and
the electrostatic potential of the molecule were deter-
mined by molecular modeling methods using a combina-
tion of molecular mechanics, molecular dynamics and
quantum theoretical calculations. The bond distance
and tensional angles by the more accurate DFT method
are in agreement with the experimental X-ray values, as
indicated in Table 1. The central part of the molecule,
formed by the aromatic borazine ring condensed with
three oxazaborolidine rings, is mostly planar with only
3 of deviation, due to the angular tension of the fused
ﬁve member rings. The methyl and phenyl groups arePh
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Scheme 2. Synthesis of borazine 4 via reaction of norephedrine with
excess of borane.oriented to one side (cis) of the central planar part of
the molecule.
The mechanisms suggested for the formation of the B–N
bonds of borazine 4 are shown in Scheme 3. A highly
reactive B–H oxazaborolidine 3 is postulated as an inter-
mediate, since under similar conditions, the reaction of
the analogous ephedrine (a secondary N-methyl 1,2-
aminoalcohol) with borane, produced the corresponding
B–H oxazaborolidine.2a,4a,c Oxazaborolidine 3 can un-
dergo further transformations by one of two pathways:
(a) an intermolecular dehydrogenation process of 3 that
can form a B–N bond by an initial nucleophilic attack of
nitrogen at the electrophilic boron atom followed by the
elimination of H2 and (b) an intramolecular dehydroge-
nation of the oxazaborolidine can take place to form a
4,5-dihydro-1,3,2-oxazaborole followed by trimeriza-
tion. We prefer the intermolecular process because the
formation of a strained B@N bond in the ﬁve member
ring is expected to be less favorable. Furthermore, com-
plexes of primary amines with boranes, such as
RBH2ÆH2NR
1, have been well studied and they undergo
thermal dehydrocyclization at temperatures above
100 C to give borazines with general structures like
(RB–NR)3.
7 Earlier studies of similar reactions have
shown that the elimination of hydrogen involves an
intermolecular process.8
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Scheme 3. Possible mechanisms involved in the formation of borazine 4.
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for the asymmetric reduction of acetophenone with bor-
ane.4b The reduction of acetophenone using 10% of bor-
azine 4 as catalyst (Scheme 4) was sluggish since the
reaction mixture contained 20% of starting ketone after
1 h at room temperature. The reaction was completed
after 12 h aﬀording 89% isolated yield (R)-(+)-1-phenyl-
ethyl alcohol 5. The enantiomeric purity was 47% ee.
Under similar conditions, except that the catalyst was
prepared in situ from (1R, 2S)-()-norephedrine
(10 mol %) with an excess of borane, the reduction was
completed within 1 h aﬀording the alcohol in 94% yield
and 76% ee.
To demonstrate the generality of the borazine synthesis,
chiral borazines 6 and 7 were prepared from (1R, 2S)-
()-2-amino-1,2-diphenylethanol and (1R, 2S)-(+)-
aminoindanol (Fig. 2). The borazine formation of these
compounds starts at 120 C, but require higher temper-Ph
O Cat. 
BH3.DMS Ph
OH
5
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Cat: 4 (10% mol) - 47%ee 
Cat: 1 (10% mol) - 76%ee 
Scheme 4. Asymmetric reduction of acetophenone.
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Figure 2. Borazines 6 and 7 derived from (1R,2S)-()-2-amino-1,2-
diphenylethanol and from (1R, 2S)-(+)-aminoindanol.atures (upto 170 C) to complete the reaction. These
new borazines were also characterized by NMR and
HR MS. However, we could not prepare the corre-
sponding borazine from a,a-diphenylvalinol by the same
method, but instead, a possible dimeric structure was
observed.5g
In contrast to aminoalcohols, 2-aminophenol reacts
cleanly with 1 equiv of borane at 0 C to aﬀord an oxaz-
aborolidine derivative 8 (Scheme 5). The 11B NMR spec-
trum of the reaction mixture exhibits a characteristic
doublet at 28 ppm with JBAH = 172 Hz. After heating
at 120–170 C and following sublimation at 230 C, bor-
azine 9 was obtained with 94% yield.
The synthesis of borazines from aminophenoles or
aminoalcohols employing BCl3 or B(SR)3 is known.
9
However, the formation of borazines in the reaction of
aminoalcohols and aminophenols with borane has not
been reported.
In conclusion, we have found a convenient and facile
method to obtain borazines with good purity and in
high yield by heating aminoalcohols with borane. Con-
versely, we do not recommend the use of this method
to prepare B–H oxazaborolidines derived from primary
chiral 1,2-aminoalcohols as catalysts for asymmetric
reductions because the presence of 4 results in lower ee’s.BN
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Scheme 5. Reaction of 2-aminophenol with borane.
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